The Nigeria Research Reactor-1 (NIRR-1) is one of the Commercial Miniature Neutron Source Reactors (MNSRs) sited outside China and scheduled for conversion under the auspices of Reduced Enrichment for Research and Test Reactors (RERTR) program. Since 2006, the reduction in the fuel enrichment of MSNR facilities from greater than 90% HEU cores to less than 20% LEU cores has been embarked upon. Consequently in this work, the physics parameters of three dispersion LEU fuels, which include U 3 Si, U 3 Si 2 , and U 9 Mo enriched to 19.75% were determined by the MCNP code to investigate their suitability for the conversion of NIRR-1 to LEU. The following reactor core physics parameters were computed for the LEU fuel options: clean cold core excess reactivity (ρ ex ), control rod (CR) worth, shut down margin (SDM), neutron flux distributions in the irradiation channels and kinetics data (i.e. effective delayed neutron fraction, β eff and prompt neutron lifetime, l f ). Results are compared with experimental and calculated data of the current HEU core and indicate that it would be feasible to use any of the LEU options for the conversion of commercial MNSR in general and NIRR-1 in particular from HEU to LEU.
facilities designed by China Institute of Atomic Energy (CIAE) that are sited outside China. First criticality was achieved on 3 February 2004 and has been operated safely [1] [2] [3] . It is specifically designed for use in neutron activation analysis (NAA) and limited radioisotope production. Neutronics calculations were first performed for the current HEU core in order to validate the developed MNCP model and the computational methods [4] . Under the aegis of the International Atomic Energy Agency's (IAEA) Coordinated Research Project (CRP) from 2006 to 2012, a neutronics feasibility study for LEU conversion of the reactor was performed [5] . The major outcome of the CRP is that UO 2 pellets enriched to 12.5% would be used for the conversion of commercial MNSR facilities and the prototype in China. Similar investigations with the UO 2 pellets with enrichment of 12% and 12.5% have been reported for NIRR-1 in particular and MNSR in general [6] [7] . A detailed description of NIRR-1 and measured core physics data can be found in the final SAR [1] . The objective of this study is to further identify other qualified LEU fuels that can match the HEU core in terms of core physics parameters and magnitudes of the neutron flux in the irradiation channels. In a previous work, Matos et al., 2005 [8] investigated the use of some qualified LEU fuels that can be used for the conversion of commercial MNSR.
The results they obtained were found to be outside the recommended data for the cold core excess reactivity. Therefore, three of the dispersion fuels, which include U 3 Si, U 3 Si 2 , and U9-Mo enriched to 19.75% were re-investigated in this work vis-à-vis their core physics parameters.
Materials and Method
Three qualified LEU fuels were used to substitute the HEU in the original input deck developed for NIRR-1. An MCNP diagram of the established HEU model of NIRR-1 is depicted in Figure 1 . Since NIRR-1 is specifically designed for NAA, conversion to LEU should not compromise its utilization capacity, especially with respect to the neutron flux and spectrum distributions. Consequently, the methodology and MCNP model that were used in the neutronics analysis of the HEU were also used to search for the LEU options. The first step in the conversion study was to determine the impact of replacing HEU fuel with LEU in the same core configuration. The three potential dispersion LEU fuels are U 3 Si, U 3 Si 2 , and U 9 Mo enriched to 19.75%. For these three options, the core configuration of 347 pins is maintained and the fuel pin outer diameter is also fixed at 5.5 mm. However, the volume fraction of the dispersed phase was varied for each of the fuels such that the core excess reactivity is kept the same (~4.7 mk) as the HEU reference core. The parameters of the three LEU fuel options considered in this study are listed in Table 1 .
In the MCNP model, the HEU fueled core of NIRR-1 was created in a three-dimensional, Cartesian coordinate system. The input deck was constructed using detailed engineering drawings of the reactor obtained from the SAR [1] .
The deck was run as a KCODE source problem for criticality calculations using On the windows platform, the default binaries supplied with the code was installed, while for the Linux environment, the binaries were built using the Intel 
Results and Discussion
Results of the core physics neutronics data obtained in this work are compared with calculated and measured data for the current HEU core in Table 2 . The cold core excess reactivity determined for the HEU core during the on-site start-up and power rising experiment was 4.97 mk. In order to obtain the licensed value of 3 -4 mk for MNSR, a Cd absorber with reactivity worth of −1.2 mk was inserted into an unconnected inner irradiation channel. The calculated result obtained for the HEU core was found to be 4.73 mk and was used as the benchmark for the design of the three LEU fuels considered in this work. As can be seen in Table 2 , the k eff , clean cold core excess reactivity (ρ ex ), control rod (CR) worth and the shutdown margin (SDM) compare well with data for the HEU core.
Furthermore, magnitudes of the thermal, epithermal and fast neutron flux in the irradiation channels for the current HEU core and the LEU options are compared in Table 3 . Table 3 , there is a reduction of an average of approximately 10% in the magnitude of thermal neutron flux in the irradiation channels for the three LEU fuels in comparison with the HEU. Consequently, for an LEU fueled core, the reactor power level would need to be raised from the current value of 31 kW to 34 kW in order to match the nominal flux level (i.e. of 1 × 10 12 n/cm 2 •s in the inner channel) for NIRR-1 thus ensuring that NAA utilization for which MNSR facilities were specifically designed is not compromised.
In order to further assess the suitability of the three fuels for NIRR-1 conversion, kinetics parameters of the fuels used in this work are compared with those of the HEU core and the results are presented in Table 4 . The kinetics parameters of the fuel options were calculated using the adjoint method (KOPTS) and by turning "on" and "off" the physics card (TOTNU) option. The adjoint method derives from the reactor point kinetic equation and employs an enhanced feature of the MNCP in version 5 -1.6 to calculate the kinetics parameters. For the effective delayed neutron fraction, β eff , the calculation was performed using the KOPTS and TOTNU card options, while the prompt neutron lifetime, l f of the fuel options were calculated using the adjoint method.
Results show that the β eff for the three fuels compare well with calculated and measured data for the current HEU core. Similarly, the l f for the three fuels Table 3 . Calculated thermal, epithermal and fast flux in the inner and outer irradiation sites. 
Conclusions
The physics parameters of three dispersion LEU fuels, which include U 3 Si, U 3 
